Abstract The human epidermal receptor-2/neu (HER-2/ neu) oncogene encodes a transmembrane tyrosine kinase receptor. This molecule could have a diagnostic value since the extracellular domain of c-erbB-2 (HER-2) transmembrane is shed into the blood as a circulating antigen. The diagnostic value of serum HER-2/neu was calculated along with the conventional marker carbohydrate antigen 15-3 (CA15-3) and carcinoembryonic antigen (CEA) at 85th percentiles. Serum levels of breast carcinoma antigens HER-2/neu, CEA and CA15-3 were determined in 175 normal individuals and 268 malignant patients. The soluble form of serum HER-2/neu, CEA and CA15-3 was assayed by enzyme linked immunosorbent assay in control and breast cancer patients prior to treatment. Serum levels of the tested tumor markers HER-2/neu and CA15-3 and CEA were significantly higher in cancer patients compared to controls. At 85th percentile the sensitivity of HER-2/neu was 51.12 %; the specificity was 86.29 % and the overall accuracy was 64.56 %. The sensitivity of CA15-3 was 73.13 %; the specificity was 85.14 % and the overall accuracy was 77.88 %. The sensitivity of the combined testing was 82.84 %; the specificity was 73.71 % and the overall accuracy was 80.01 %. The sensitivity and the overall accuracy of combined testing were higher than those of HER-2/neu and CA15-3 testing single. The combined testing of HER-2/neu and CA15-3 can increase the sensitivity and overall accuracy of breast cancer diagnosis.
Introduction
Breast cancer is one of the most common cancers worldwide and causes more deaths per year than other cancers. Several tumor markers have been evaluated in breast cancer. Most of the markers are of prognostic value. The diagnostic statistics can be calculated for various tumor markers. The diagnostic values of each marker separately or in combinations were evaluated. The optimal cut-off values of each marker were defined. Diagnostic value of markers can be increased by combination of multiple marker values. Further, the diagnostic values can be improved at 85th percentiles. The receiver operating characteristic (ROC) curve is a simple and meaningful measure to assess the usefulness of diagnostic markers. Serum carcinoembryonic antigen (CEA) and carbohydrate antigen 15-3 (CA15-3) are established prognostic markers in breast cancer patients.
The human epidermal receptor-2 (HER-2) oncogene encodes a transmembrane tyrosine kinase receptor [1] . This molecule could be a new marker for prognosis and response to therapy in patients with advanced breast cancer. The HER-2 oncogene (also named erbB-2 and HER-2/ neu) codifies for the HER-2 oncoprotein (also called p185erbB-2), which has a structure of growth factor receptor [2] . The HER-2 extracellular domain (ECD) can be found in the circulation [3, 4] . The ECD of c-erbB-2 (HER-2) transmembrane receptor undergoes proteolytic cleavage from the fulllength protein by metalloproteases, and is shed into the blood as a circulating antigen [5] . To determine the clinical utility of this oncoprotein, the soluble form of HER-2 was assayed in the serum of breast cancer patients.
In Health care industry, diagnosis of any disease plays major role, any reduction in false negative is given utmost importance as the patients do not miss the treatment. In this connection, cost/kit or any other matter does not prevail. Therefore one can take the support of how best one can reduce the false negatives in diagnostic performance of markers. A single marker alone may not be effective in reducing the false negative. Combinations of markers help in increasing the sensitivity as well as reducing the false negative.
The aim of this study is to determine the diagnostic value of serum HER-2 and to compare it with the conventional tumor markers: CA15-3, CEA and to evaluate whether a combination of two or three biomarkers might give better prognostic information.
Materials and Methods
Patients registered in the Breast service unit of Kidwai Memorial Institute of Oncology, Bangalore, were included in the study. In this case control study, we have taken 443 subjects with 175 normal individuals and 268 malignant cases of breast cancer. Impact and effect of disease on serum CA15-3, HER-2/neu, and CEA were studied.
Among 390 selected patients, 21 cases had benign breast disease, 4 were male patients and 97 patients were treated cases and hence excluded from the study. Remaining 268 female patients aged 26-75 year were histologically confirmed breast cancer cases and included in the study.
For control samples 175 female individuals were selected from among volunteers without any history of major illness and matched with cases for age (±2 years). Blood samples were collected in plain tubes, centrifuged to separate the serum. The serum samples (0.3 ml) were stored at -20°C until analysis (within a month).
The study protocol was approved by the Ethics committee of Kidwai Memorial Institute of Oncology, Bangalore. A written informed consent was obtained from each patient. The markers (HER-2/neu, CA15-3 and CEA) were analysed by sandwich enzyme linked immunosorbent assay (ELISA) method.
HER-2/neu levels
The levels of serum HER-2/neu were measured by modified sandwich enzyme immunoassay [6] . An anti-sp185 HER-2 human monoclonal coating antibody was adsorbed on to micro wells. Sp185
HER-2 present in the sample or standards bound to antibodies adsorbed to the micro wells; a horse radish peroxidase (HRP) conjugated monoclonal antisp185 HER-2 antibody was then added to the wells. Following incubation, unbound enzyme conjugated anti-sp185 was removed by washing and substrate tetramethylbenzidine (TMB) solution reactive with HRP was added to the wells. A blue colored product was formed in proportion to the amount of soluble sp185
HER-2 present in the sample. The reaction was terminated by addition of 2/3 N sulphuric acid and resulted yellow color was measured at 450 nm. A standard curve was prepared from stock standard with assay buffer and sample concentration was determined.
Carcinoembryonic Antigen
The levels of serum CEA were measured in the microwells coated with monoclonal antibody (MAb). CEA in the patients' serum bound to anti CEA MAb adsorbed on to microwells; a HRP conjugated goat anti CEA was then added to the wells. Unbound protein and HRP conjugate was washed off by wash buffer phosphate buffer saline (PBS). Upon the addition of the TMB substrate a blue colored product was formed. The intensity of color was proportional to the concentration of CEA in the samples. The color development was stopped with the addition of stop solution (1 N HCl). The resulted yellow color was read at 450 nm in the ELISA reader.
Carbohydrate Antigen 15-3
The primary MAb directed against an antigenic determinant on the intact CA15-3 molecule was adsorbed on to the micro wells. The CA15-3 present in serum sample was bound to MAb. The secondary antibody solution contained rabbit anti CA15-3 antibody conjugated to HRP was added. Following incubation unbound anti CA15-3 was removed by washing with PBS. A solution of TMB reagent was added and incubated, resulting in the development of a blue color. The color development was stopped with the addition of stop solution (1 N HCl). The resulted yellow colored product was measured at 450 nm.
A standard curve was prepared relating color intensity to the concentration of the markers.
Statistical Analysis
Area under curve had been computed to find the diagnostic value of each study parameters at different cut-off points. Bayesian Statistics namely sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive and negative likelihood ratio (LR?), (LR-) were used to find the diagnostic value of study parameters. Effect size due to Cohen (Bias corrected) had been used to find the effect on each study parameters in cases when compared to controls. Student's 't' test was used to compare serum HER-2/neu levels between patients and controls.
Results
The ROC curves are calculated for each marker (Figs. 1, 2,  3 ) and the diagnostic cut-off point is selected as the value that offered a specificity of 100 %. Table 1 shows diagnostic value of study parameters as single marker and also with combination based on standard cut off. CA15-3 shows highest sensitivity (51.12) and CEA the least (21.27). HER-2/neu levels have low sensitivity (27.24), with high specificity (100). When utility of two markers (HER-2/neu and CA15-3) are combined, sensitivity increased to 54.85 %with the classification accuracy of 72.69.
As shown in Table 2 , ROC analysis for serum HER-2/ neu is calculated at 85th percentile with LR? 3.31 and LR-0.578. Based on this correlation of serum markers between controls and cases are determined ( Table 3 ). The cut off value for HER-2/neu is 11.0 ng/ml with odds ratio (OR) 6.39, 24 control and 135 cases have values above the cut off. The cut-off value for serum CA15-3 was 19.6 ng/ ml. At this cut off 26 controls and 196 cases are included with OR 15.6. The cut-off value for CEA was 3.1 ng/ml at 85th percentile with OR 4.38 and 24 control and 110 cases have positive values. 85th percentile of the present data supports for the diagnostic cut-off for HER-2/neu and CA15-3 and validated by good Bayesian statistics and area under ROC (Table 4) . Serum HER-2/neu has an added value over the CA15-3 in terms of reducing the large number of false negative patients. The false negative rate for HER-2/neu was 49.63 %, 26.87 % for CA15-3 and significantly reduced to 17.16 % (Z = 4.379, P \ 0.001) when both HER-2/neu was combined with CA15-3 as biomarkers for carcinoma cases. Therefore, combined use of CA15-3 and HER-2/neu might increase the diagnostic value as well as it could reduce the false negative rate at significant level when compared to CA15-3 alone.
Discussion
Serum HER-2/neu, CA15-3 and CEA are not diagnostic markers. Still the markers have diagnostic value to increase the pickup rate of diseases. Combined values of two markers have increased the diagnostic values. Similarly cut off point at 85th percentile could reduce false negative rate. CA15-3 measurements served as ''gold standard'' to which HER-2 diagnostic and/or prognostic value was compared. By calculating ROC curves we observed the highest area under curve for CA15-3, which points to the usefulness of this tumor marker in diagnosis.
The sensitivity, specificity, accuracy, PPV and NPV of the tumor markers were also determined both individually and in combination. The PPV = TP/[TP ? FP] for the test sample is 100 % and the NPV = TN/[FN ? TN] is 59.12 %.
The best combination of tumor markers which revealed 100 % specificity and 100 % PPV with 51.12 % sensitivity could be obtained by measurement of CA15-3 in serum. A higher sensitivity (54.85 %) with the same level of specificity (100 %) could be obtained by the addition of HER-2/ neu measurement.
Studies from Kobayashi et al. [7] showed the usefulness of eight tumor markers in ovarian cancer at an early stage and was evaluated from the point of view of their diagnostic value. According to Visintin et al. [8] six markers provided a significant improvement over CA-125 alone for ovarian cancer detection. Also Rossi et al. [9] proved the combination of two marker HBME-1 and galectin-3 in tissue samples increased the sensitivity and specificity for thyroid cancer detection.
There are two ways to define the cut-off values viz; standard cut-off (conventional) and study defined (or calculated) cut off. Standard cut-off is already established by the manufacturers using large population, whereas study defined cut off is calculated at 85th percentile and the diagnostic value is measured in this study. When the percentile of cut off is decreased from 100 to 85 more number of patients and few control individuals show the positive values for markers. So when the diagnostic values of two markers are combined at this point, false negative rate is decreased. Careful monitoring for these groups of patient may help in the management of disease. When diagnostic utility of two markers were combined (HER-2/neu ? CA15-3), sensitivity was increased and false negative rate was decreased to 17.16 %. HER-2/neu had an added value over the CA15-3 in terms of reducing the large number patients of false negative values indicating that combined markers had an added value while predicting markers' diagnostic statistics. HER-2/neu can be able to pick up an additional number (10.82 %) of new patients when it is combined with CA15-3.
According to Baskic et al. [10] a combination of markers was more sensitive than using one marker alone. The combined measurement of CEA, CA15-3 and TAG 72 in pleural fluid is a useful complementary test in the differential diagnosis of pleural effusions of malignant origin [11] . Conversion to serum HER-2/neu positive status occurs in approximately 25 % of patients who receive first-line hormone therapy with either letrozole or tamoxifen [12] . Therefore, the utility of diagnostic values of serum markers may also be applicable in the follow up group of HER-2/neu negative patients. The results of our study suggest that the measurement of multiple tumor markers may be employed as combination and at 85th percentiles to assess the prognosis in breast cancer patients. 
